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(71) We, Nisihmatsu Construction which k: contniuq^ is con- 

Oompany, Limited^ a Japanese Body Cbiv stracted tfy - dr^^ pipes 

porate, of 13 Shiba Nishiknbo Sakuragawa- having longitudinally disposed couplings 

cho, Minato-ku, Tokyo, Japan, do hereby along their outer surfaces. However, even 

5 declare the invention, for which we pray though this me^ 55 

that a patent may be granted to us, and construction Of a horizontally disposed con- 

the method by which it is to be performed, tinuous 1 wall ^Jtiriying the foregoing pipes 

to be particularly described in and by the m .the ^riz^n^ ;d con- 
following statement:— - tmuous "wall ^ be expe&eoV because 

10 This invention relates to a tubular mem- of the^ieYfe^^ 60 

bear for use in the construction of tunnels the pipes are driven in horizontally, such 

in the ground underneath existing roads, as tne frOT 

railroads, rivers or buildings and the like. to the weight J of/me rt>j|peS 'the;pipe swerving 

The conventiinal methods of excavating out 

15 a tunnel in the ground underneath existing in~drivi^ v ^ its 65 

vToads, railroads,, rivers or buildings aid the course ftuS !t^ or 

like, include methods such as that of tern- oversize bores \yhen the pipes are inserted : 

porarily diverting the road, railroad or river in oversfe'bores^: 

to another location followed by tunneling or As a method for improving on the fore- 
20 excavating from above the ground and there- going deficiencies of the conventional 70 1 
after filling in the earth, that of using tim- methods- m 6^ ^p^Jihg Application No. 
bering and performing the excavation while 46900/72 (^^aTNc* t4Q3,d33), there is pro- 
driving in sheet piles to form the tunnel posed a method of constructing a tunnel 
walls, that of carrying out the. excavation below roads, ^rafirtiSd^ 
25 with a shield excavating machine, or the ings, said methodVjco^ into 75 
freezing method in which the moisture con- the ground below the road, railroad, riverbed 
tained in the ground is artificially frozen, or biding ;a^^ 

However, these conventional methods of . which has disposed v lbnj^rudinally on the 

construction have the drawback that their oin^de^sujdEac^ said 

30 construction stretches over a long period of pipes bex&dn^ at an 80 

time, as well as other drawbacks such as angle close to hdmc^tal m^ 

hindrance of road and railroad traffic, ob- that the pipes are coupled to each other to 

struction of the flow of the rivers which may prevent; separation radially of the pipes bv 

be hazardous to the excavation project, or means of the coupling means to form a wall 

35 causing subsidence of the ground. Another havmg a v cc^guration aprwxmiating the 85 

shortcoming is the construction cost Fur- profile of the ti^eT that is to be excavated, 

ther, another method of tunneling the ground and; th^ using 

underneath existing roads, railroads or said wafl^alim ^ 

buildings and the like, ccmmrises repeatedly The>t^^ is to 

40 cutting horizontal bores and filling the bores provide^ ^tublS^ member^ is suitable 9fr 

with concrete or mortar thus constructing 'a • fw? '^'c1pa^ia^;ffl§ -M^^^^kcnbed 

tunnel wait whereafter material is excavated pirte^afrM r ^ 

from between the tunnel wall and floor. In Acxor^gtc^^ 

this case also, there is, however, the draw- prfcvid^;^;^ 

45 back that there may be leakage of water from the of a tunnel, said tubular member 95 

between concrete or mortar filled bores and cantopi^^ 

also subsidence of the ground in those cases are disposed lpng^ one 

where the bores have not been adequately circtirnf erential location* a male coupling 

filled with the concrete or mortar. portion, and, at ahc^r circu^ loca- 

50 Further, there is also known a method in tion, a female /ixftipiiag; piMbiW the male 100 
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coupling portion comprising a cylindrical 
section and the female coupling portion com- 
prising an annular section having a longi- 
tudinally extending slot the outer diameter 
of the cylindrical section of the male coup- 
ling portion being smaller than the inner 
diameter of the female coupling portion but 
greater than the width of the said slot where- 
by a pair of the tubular members can be 
connected side by side with the male coup- 
ling portion of one being received within the 
female coupling portion of the other. 

Tbe present invention will be more fully 
understood from tie following description 
taken \ with the - accompanying drawings, 
wherein: v * - 

Pigure 1 is a cn>ss-sectional view of a 
tubular member accordmg to the present 
invention; 

Figure 2 is a perspective view of the tubu- 
lar member of Figure ffa^X 

Figure 3 is a crossrsectidnal view 2his> 
trating the coupling 1 of two tubular mem* 
bers; " v "• 

4 is£ ' a sectional view illustrating 
the state of arrangement of a plurality of the 
tubular members in arch fashion along the 
profile of a tunneL that is to , r« excavated in 
the ground beldw ah existmg railroad; 

Figure 5 is, a sectional view taken along 
line V— Vbf Figure^ - F / 

Figure 6 is a sectional view fflustrating the 
state , where a tunnel has been excavated 
using the steel pipe* wall shown in Figure 
4 as the tunnel linm^ , arid 

Figures are ctoss-sectional views 

showing the ^nventiopal methods of coup- 
ling steel pipes which -' are driven into the 
ground vertically. 

In a most preferred embodiment of the 
present invenUon, ^the ^biilar member com- 
prises a mam steel pipe or body 1 having 
disposed }6ngftud^ally ahereor' a first male 
coupling means 2i : and:h^ disposed like- 
wise Icigirudinally 6i ike mam tody 1 sub- 
stantially diametrically opposite said first 
coupling means 2 a/ second female coupling 
means 3 of annular section and having a 
longitudinally extending slot 31. The first 
coupling means 2 epa fe ipade, for ex- 
ample, by welding^ 

diameter to t&piam tubular body 1 through 

the in^^e^j^ ^ ;%2#s& wej> 22L T*4 

hsrch^ 

outside diaip^ ^^^B^^ressid steel pipe 
21 and prbyidm^^ 
means along its entire len|th die slot 31 
facing radially butwaj^y of the tubu- 
lar body 1; the openmg provided by the slot 
is of a dimension smaller than the outside 
diameter of the steel pipe 21 but greater 
than the thickness of the steel web 2± 
Hence, when, as shown in Figure 3, the 
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first coupling means 2 of the tubular mem- 
ber A is inserted into the second coupling 
means 3 of another tubular member B in 
such a manner that the steel pipe 21 is en- 
closed by the slotted ring-shaped coupling 70 
means 3 and the steel web 22 portion is 
clasped in the slot 31, the first tubular mem** 
ber A and the second tubular member B 
become coupled so that they cannot be 
separated by a force exerted on them and 
tending to separate them in the radial direc- 
tion. 

Now, a method of excavating a tunnel 
under an existmg railroad using the tubular 
member of the present invention will be des- 
cribed below. 

As shown in Figures 4 and 5, the first step 
consists of excavating a vertical shaft 5 at 
one or both sides of and near the existing 
railroad 4. The tubular members 1 of the 
present invention are then driven from the 
side wall of said vertical shaft 5 : horizont- 
ally, or at;an angle close to horizontal, at 
prescribed intervals, using a ram or a rotary 
excavator, while celling the tubular mem- 
bers against separation radially of the mem- 
bers by means of the coupling means 2 
and 3, the operation being so performed 
that said tubular members 1 are disposed 
along the profile of the section 6 to be ex- 
cavated and hence become as a whole an 
arch-like arrangement.: suitable for use as 
the tunnel lining for the excavation of the 
tunneL Next as the second step, the steel 
pipe wall 7, constructed as above described, 100 
is used as a tunnel fining and the excavation 
of a tunnel 6 1 in the ground underneath the 
railroad 4 is carried out as shown in Figure 
6. Needless to say, additional steel supports 
can be used conjointly if desired. Further, 105 
the steel pipe wall 7 can be made water- 
tight by packing the vicinity of the coupling 
means of the several tabular means with 
mortar or introducing grout hereto, utilizing 
the steel pipes 21 of the couplings 2. no 

In addition to the case described in which 
the operation is' carried out from the side 
wall of a vertical shaft 5 excavated close 
to me existing railroad (likewise applicable 
to the case of a road, river or building and 115 
the like), the tabular members can also be 
used hi the case where the operation is to be 
carried: but from - the facings of a tunnel, 
whose excavation has progressed- up to a 
point near; an existing' road, railroad, river 120 
or bufldmg and the like, or in the case where 
the operation is to be carried out from the 
^de of the roadbed of an existing road or 
railroad whose roadbed is high. While the 
drawing illustrates the instance of the con- 125 
struction of a wall of steel pipes having the 
form of an arch, it goes without saying that 
there are instances , where the steel pipe wall 
is constructed in a circular or polygonal 
form depending upon the character of ground 130 
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or the configuration of the tunnel to be ex- 
cavated. In such cases, rathef than having 
the coupling means 2 and 3 disposed on the 
main tubular body 1 at positions diametric- 
ally opposite each other, as shown in Figure 
1, it wffl be more convenient for these coup- 
ling means to be located deviatingly from the 
diametrically opposite positions. Heretofore, 
couplings such as shown in Figures 7-^-9 
are known in the case of the steel pipe piles 
that are driven into the ground vertically. 
However, when steel pipes having couplings 
such as these are to be used for tunnel lin- 
ings, various difficulties are experienced. 
That is to say, in the case of the coupling 
shown in Figure 7, it readily separates and, 
in addition, although this coupling can per- 
mit movement of the pipes in the upwards 
and downwards directions as reviewed in 
Figure 7, transverse relative movement of 
the pipes causes the connection to become 
disengaged. Hence, the construction of a steel 
pipe wall of a prescribed configuration is 
difficult In the case of the coupling shown 
in Figure 8, the allowable angle of rotation 
of the coupling is small, and moreover this 
coupling includes a T-shaped section sus- 
ceptible to deformation. The coupling shown 
in Figure 9 separates very easily and is also 
susceptible to leakage of water. The coup- 
ling means of the tubular member according 
to the invention on the other hand is not 
prone to these disadvantages, its allowable 
angle of rotation being great, as well as hot 
being easily separated and not susceptible 
to breakage or deformation. Hence, when 
tubular members according to the invention 
are used in carrying out the tunneling opera- 
tion, irregularity of the direction in which 
the members are driven does not occur, and 
the leakage of water may be reduced. 

Further, when tubular members according 
to the invention are used in carrying out the 
tunneling project, there is less possibility of 
a decline in the yield strength of the ground 
and subsidence of the ground. Hence, a wall 
of interconnected steel pipes, which is not 
only strong but, if necessary, also watertight, 
can be constructed with good precision in the 
ground below existing roads, railroads, rivers 
or buildings and the like without hindering 
the traffic of said roads or railroads or the 
flow of the rivers at all, or with ho damage 
to the buildings and the like. As a result, 
the work of the tunnel excavation can be 



carried out safely and rapidly as well as at 
low* cost Further, since a steel pipe wall 
formed of tubular members according to 
the invention can be utilized as such as either 
the principal or auxiliary lining of the tun- 60 
nel, the cost of the tunneling project can 
be reduced. 

WHAT WE CLAIM IS: — 

1. A tubular member for constructing the 65 
wall of a tunnel, said tubular member 
comprising a pipe on whose outer surface 
are disposed longitudinally thereof, at one 
circumferential; location, a male coupling 
portion, and, at another circumferential loca- 70 
tion, a female coupling jjortion, the male 
.coupling portion comprising a cylindrical 
section and the female coupling Dortion com- 
prising an annular section having a longi- 
tudinafly extending slot, the outer diameter 75 
of the cylindrical section of the male coup- 
ling portion ; being Smaller than the inner 
diameter of the female coupling portion but 
greater than die width M the said slot where- 
by _a pan: Of tfie tabular^ members can be 80 
connected ^side by side with the male coup- 
ling portibh>of pne bdng retted within the 
f ehtale coupMg pbippn 6t the other. 

% A x tubular member according to 
Claim 1, wherein the male and female coup- 85 
ling jportions are disposed on diametrically 
opposite sides of said pipe. ^ 

3. A , tubular member according to 
Qaim 1, wherein the male and female coup- 
ling portions ate disposed on said pipe at 90 
position* which deviate from being dia- 
metrically oppofed, 

4. A tubular mernber according to 
Claim 1, 2 or 3 wherein the cylindrical sec- 
tion of the male coupling portion is 95 
connected to thfe pipe by a web extending 
radial! outwardly from thte pipe. 

5. A tubular member according to any 
one of the preceding Claims wherein the 
pipe is of steel. >; "; : ' 100 

6;^ A tubular .member substantially as 
hereinbefore described with reference to and 
as shown by Figures 1 to 6 of the accom- - . 
panying drawings. £ 

, J J A. KEMP & CO., 
; Chartered Patent Agents, : 
14* South Square, 
Gray's Inn, 
vl^apn/ W 5EU. 
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